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Samples of  s i lver  w i r e ,  s i l v e r  shee t  and s i n t e r e d  s i l v e r  e l ec t rode  
have been examined a t  var ious s tages  of anodizat ion with a scanning e lec-  
t ron  microscope. The micrographs show t h e  development of argentous 
oxide mounds which increase  i n  diameter up t o  approximately one micron. 
During a constant  cu r ren t  ox ida t ion  t h e  number of mounds per  u n i t  area 
increases  u n t i l  a t  t h e  end of t h e  f irst  p o t e n t i a l  p la teau  they cover approx- 
imately 80% of the  surface.  Beyond t h i s  po in t  along the second p o t e n t i a l  
p la teau  a r g e n t i c  oxide s t r u c t u r e s  of d i f f e r e n t  geometry are observed t o  
grow on t h e  argentousoxide mounds. 
shee t  e l ec t rodes  are  compared wi th  those on s in t e red  s i l v e r  e lec t rodes .  
These observat ions on s i lver  w i r e  and 
P o t e n t i a l  f l u c t u a t i o n s  or  o s c i l l a t i o n s  have been observed i n  cons tan t  
cu r ren t  ox ida t ions  of model pore electrodes.  The use  of two Luggin 
c a p i l l a r i e s  t o  sense t h e  p o t e n t i a l s  a t  t h e  mouth of t h e  Ilpore" and a t  a 
poin t  midway up t h e  pore have shown some abrupt  p o t e n t i a l  f l u c t u a t i o n s  
wi th in  t h e  pore e a r l y  i n  t h e  constant  cu r ren t  oxidation. 
o s c i l l a t i o n s  are  observed simultaneously a t  t h e  mouth and midpoint of t he  
pore these  o s c i l l a t i o n s  are  i n  phase. 
When p o t e n t i a l  
A n  a t tempt  t o  prepare macroscopic crystals of a rgen t i c  oxide a t  high 
pressure  and temperature w a s  unsuccessful.  
observed r e a c t i o n  product. 
Argentous oxide w a s  t h e  
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MORPHOLOGY OF ANODIZED SILVER ELECTRODES 
INTRODUCTION 
Most of the proposed mechanisms f o r  oxide growth on a s i lver  e l ec t rode  
i n  a l k a l i n e  so lu t ion  have been der ived from k i n e t i c  da ta .  Wales and 
Burbank supplemented t h e i r  k i n e t i c  da t a  with X-ray d i f f r a c t i o n  da ta  on a 
working s i l v e r  e lec t rode .22  
Ag 0 and Ago occurred by formation of d i s t i n c t  c r y s t a l s  r a t h e r  than expan- 
s ion  of t h e  p reex i s t ing  l a t t i ce s .  
c ross -sec t ions  of s i n t e r e d  s i l v e r  e l ec t rodes  us ing  o p t i c a l  microscopy. 
They found t h a t  t h e  s m a l l  par t ic les  present  i n  s i n t e r e d  e l ec t rodes  before  
oxidat ion seemed t o  clump toge ther  a f t e r  cyc l ing  a t  low cons tan t  cu r ren t s ,  
leaving l a r g e  voids.  Our review of t h e  1 i t e r a t u r e . l e d  us t o  be l i eve  t h a t  
a study of  s i l v e r  e l ec t rode  morphology w i t h  a scanning e l ec t ron  microscope 
would be of g r e a t  h e l p  i n  e luc ida t ing  t h e  oxide growth mechanisms. 
They concluded t h a t  ox ida t ion  of t h e  Ag t o  
2 
Wales and Simon have r ecen t ly  examined 
23 
EXPERIMENTAL 
The scanning e l e c t r o n  microscope employed i n  our s tudy is  t h e  
Stereoscan Mk I V Y  made by the  Cambridge Instrument Company. 
techniques,  and app l i ca t ions  are discussed elsewhere and w i l l  no t  be 
considered here.24 
w i r e s ,  3% x 4 cm s i n t e r e d  s i l v e r  p l a t e s ,  and vapor-deposited s i lver  
e lec t rodes .  
discussed elsewhere. 25 
SEM theory,  
The samples examined were por t ions  of 20 m i l  s i l v e r  
The prepara t ion  of t h e  vapor-deposited e l ec t rodes  has  been 
The wires and p l a t e s  were oxidized a t  constant  
2 
.-, 2 
i 
1. 
i 
curren t  and constant  p o t e n t i a l ,  and were oxidized i n  var ied  concentrat ions 
of KOH e l e c t r o l y t e .  
KOH so lu t ion  marketed by t h e  Baker Chemical Company and analyzed by them 
as containing less than 0.01% K CO The apparatus  used i n  the  oxidat ion 2 3' 
of the  w i r e s  i s  i l l u s t r a t e d  i n  Figure la.  The counter e l ec t rode  was  
platinum, and t h e  re ference  e lec t rode  w a s  Hg/HgO. Figure l b  i l l u s t r a t e s  
the  apparatus  employed i n  t h e  oxidation of t h e  s in t e red  s i l v e r  p l a t e s .  
The counter e lec t rodes  were of heavy gauge s i l v e r ,  t h e  re ference  e l ec t rode  
was Hg/HgO. 
The e l e c t r o l y t e  w a s  prepared from a commercial 45% 
The constant  cur ren t  was suppl ied by an Elec t ronics  Measure- 
ments Power Supply, Model C633. The constant  p o t e n t i a l  w a s  obtained from 
a p o t e n t i o s t a t i c  c i r c u i t  described i n  JPL 951911 Fina l  Report. 26 
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A l l  t h e  photographs, with t h e  exceptions of Nos. 14 and 16, have 
magnif icat ions ranging from 10,000 t o  13,000 with an average of 11,000. 
A t  t h a t  average magnif icat ion,  1 mm i n  the  photograph i s  equivalent  t o  
12,000 A on the  sample. 
photograph 16 i s  a t  20,000. 
below. 
Photograph 1 shows the  su r face  of a 20 m i l  s i l v e r  w i r e  t h a t  h a s  been 
0 
Photograph 14 has  a magnif icat ion of 1,000 and 
The photographs are discussed ind iv idua l ly  
cleaned wi th  an abras ive  cleanser .  
caused by t h e  scouring powder i n  the  c leanser .  
Photograph 2 is  of a s imi l a r ly  cleansed wire  t h a t  w a s  oxidized 
2 curren t  of 220 (current /apparent  su r f ace  a rea  = 171 Cla/cm ) 
p o t e n t i a l  j u s t  increased t o  t h a t  permit t ing formation of Ago. 
The heavy scra tches  on the  w i r e  were 
a t  a constant  
u n t i l  the 
The mounds 
3 
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Figure 1. Oxidation Apparatus 
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of oxide appear t o  grow a t  d i f f e r e n t  r a t e s  on t h e  sur face ,  as evidenced by 
the v a r i e t y  of mound s i z e s .  
b a s a l  l aye r  of Ag20 descr ibed by Thirsk,  e t .  a l .  
no te  t h e  amount of %urface t l  t h a t  is l e f t  uncovered by Ag 0 mounds even 
though the e l ec t rode  is  a t  t h e  Ago p o t e n t i a l .  
of t h e  b a s a l  l aye r  (5-10 monolayers i n  th ickness)  and i t s  proposed smooth 
morphology i n d i c a t e  t h a t  i t  i s  beyond t h e  c a p a b i l i t y  of t h e  SEM t o  d e t e c t  
i t s  presence a t  any magnif icat ion.  A t  h igh magnif icat ion,  however, an 
e l ec t rode  oxidized f o r  only one second a t  220 wa showed a su r face  completely 
covered by small hemispheres (photograph 16). A t  lower magnif icat ion,  t h e  
su r face  appeared grained (photograph 13). 
The "surface" i n  t h i s  case i s  probably t h e  
16 It i s  i n t e r e s t i n g  t o  
2 
The ca lcu la ted  dimensions 
Photograph 3 is  of another  scoured w i r e .  This one had been oxidized a t  
220 ka u n t i l  t h e  p o t e n t i a l  reached t h a t  of O2 formation. 
as c r y s t a l - l i k e  shapes on top  of t he  Ag20 mounds. 
of t h e  photopraphs taken of Ago; t h e  Ago w a s  always found on t h e  Ag20, never 
on t h e  "surface." 
on the su r face  while t h e  Ago is  growing on t h e  Ag20. 
and photograph 2 i t  _appears t h a t  of t h e  t o t a l  charge appl ied  t o  t h e  e l ec t rode  
during t h e  2nd p la teau ,  less than h a l f  of i t  was involved i n  Ago formation. 
Simultaneous charge acceptance by both oxides has  a l s o  been observed by 
us  i n  an earlier study of t h e  k i n e t i c s  of oxide reduct ion.  
Photograph 4 shows t h e  su r face  of a 20 m i l  w i r e  t h a t  has  been oxidized and 
reduced (cycled) t h r e e  times, and l e f t  i n  t h e  reduced s t a t e .  
s t r i k i n g  inc rease  i n  su r face  area as can be seen by comparing t h i s  photograph 
wi th  photograph 1. 
The Ago appear 
This w a s  t h e  case i n  a l l  
This photograph i l l u s t r a t e s  t h a t  Ag 0 cont inues t o  grow 2 
From t h i s  photograph 
19 
There i s  a 
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Photograph 5 
a t  220 pa u n t i l  t h e  p o t e n t i a l  j u s t  reached t h a t  of Ago formation. 
i s  of a 20 m i l  w i r e  t h a t  w a s  cycled 3 t i m e s  and then oxidized 
The 
e l ec t rode  requi red  about twice as much charge t o  reach t h a t  p o t e n t i a l  a s  
did t h e  e l e c t r o d e  i n  photograph 2. 
Photograph 6 i s  of a cycled w i r e  t h a t  had been oxidized a t  220 pa u n t i l  
t h e  p o t e n t i a l  reached t h a t  of O2 formation. 
i n  appearance and i s  apparent ly  more abundant than i t  w a s  on t h e  e l ec t rode  
The Ago is q u i t e  c r y s t a l l i n e  
i n  photograph 3 .  The c r y s t a l - l i k e  shape of t h e  Ago is  t y p i c a l  of c r y s t a l s  
having a monoclinic l a t t i c e  s t r u c t u r e .  
place c r y s t a l l i n e  Ago i n  t h e  monoclinic group.27 The g r e a t e r  abundance 
X-ray and neutron d i f f r a c t i o n  da ta  
of Ago might be explained by t h e  n a t u r e  of t h e  Ag20 s u b s t r a t e .  The Ag20 
mounds are much smaller on cycled e l ec t rodes  than on uncycled e l ec t rodes  
(compare photos 5 and 2 ) ,  and t h e r e f o r e  o f f e r  less r e s i s t a n c e  t o  c u r r e n t  
flow. 
Photograph 7 shows a por t ion  of an unoxidized s i n t e r e d  s i l v e r  e lec t rode .  
The shapes i n  t h e  photograph t ake  on more meaning when compared t o  photograph 
14 which i s  a photograph of t h e  same su r face  but  a t  1/10 t h e  magnif icat ion.  
The smoothness of t h e  su r faces  of t he  shapes is  probably a r e s u l t  of t h e  
s i n t e r i n g  process 
Photograph 8 i l l u s t r a t e s  t h e  su r face  of a s i n t e r e d  s i l v e r  e l ec t rode  t h a t  
had been oxidized a t  300 ma u n t i l  t h e  p o t e n t i a l  j u s t  increased t o  t h a t  of 
Ago formation. The oxide appears as mounds s i m i l a r  t o  those  i n  photographs 
2 and 5. No explanation i s  o f fe red  f o r  t h e  more complete coverage of t h e  
su r face  by t h e  mounds. 
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Photograph 9 i s  of a s i n t e r e d  s i l v e r  e l ec t rode  oxidized a t  300 m a  u n t i l  t h e  
p o t e n t i a l  increased  t o  t h a t  of O2 formation. 
i s  q u i t e  c r y s t a l l i n e .  
growth and i s  randomly o r i en ted  with r e spec t  t o  t h e  sur face .  
Photograph 10 is  of a s i n t e r e d  s i l v e r  e l ec t rode  t h a t  h a s  been oxidized and 
reduced twice,  and l e f t  i n  t h e  reduced s t a t e .  
Photograph 11 is  of  a s i n t e r e d  s i l v e r  e l ec t rode  t h a t  has  been cycled twice 
and then oxidized a t  300 ma u n t i l  the p o t e n t i a l  increased t o  t h a t  of Ago 
A s  i n  photograph 6,  t h e  Ago 
The Ago does not  e x h i b i t  a p re fe r r ed  d i r e c t i o n  of 
format ion. 
Photograph 12 is of a s i n t e r e d  s i l v e r  e l ec t rode  t h a t  has  been cycled t w i c e  
and then oxidized a t  300 m a  u n t i l  t h e  p o t e n t i a l  increased t o  t h a t  of 0 
format ion. 
Photograph 13 i s  a 20 m i l  s i l v e r  w i r e ,  cleaned wi th  an ab ras ive  c l eanse r ,  
t h a t  w a s  oxidized a t  220 pa f o r  one second. The apparent g ra in iness  of 
t h e  su r face  prompted us t o  t ake  photograph 16, a similar sur face ,but  a t  
a h igher  magnif icat ion.  
Photograph 14 shows a por t ion  of an unoxidized s i n t e r e d  s i l v e r  e lec t rode .  
The e f f e c t  and ex ten t  of t h e  s i n t e r i n g  process i s  c l e a r l y  seen. 
Photograph 15 w a s  taken of t h e  cen te r  of a c ross -sec t ion  of a s i n t e r e d  
s i l v e r  e l e c t r o d e  t h a t  w a s  oxidized a t  300 ma u n t i l  t h e  p o t e n t i a l  j u s t  
reached t h a t  of Ago formation. The ex ten t  of oxidation he re  i n  t h e  middle 
of t h e  e l ec t rode  as compared t o  t h a t  on t h e  su r face  can be  seen by comparing 
t h i s  photograph wi th  photograph 8. 
Photograph 16 is  a 20 m i l  s i l v e r  w i r e ,  c leaned ,wi th  an ab ras ive  c leanser ,  
t h a t  was oxidized a t  220 pa f o r  one second. 
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completely covered wi th  Ag20 mounds. 
l a r g e r  mounds seen i n  photograph 2 ,  then t h e  v a r i e t y  of s i z e s  of t hese  l a r g e r  
mounds r equ i r e s  t h a t  whatever growth mechanism is  pos tu la ted ,  i t  must account 
f o r  t he  p r e f e r e n t i a l  growth of some mounds over o the r s  on an apparently 
uniform sur face .  
Photograph 17 is  of t h e  sur face  of a vapor-deposited e l ec t rode  described i n  
t h e  experimental s ec t ion .  The su r face  appears t o  be a t  least a s  smooth 
a s  t h a t  of t h e  s i n t e r e d  p a r t i c l e s  i n  photograph 7. 
Photograph 18 w a s  taken of t h e  cen te r  of a c ross -sec t ion  of a s i n t e r e d  
s i l v e r  e l ec t rode  t h a t  w a s  oxidized a t  300 m a  u n t i l  t h e  p o t e n t i a l  j u s t  
reached t h a t  of O2 formation. 
of t h e  e l ec t rode  as compared t o  t h a t  on t h e  su r face  can be seen by comparing 
I f  t h e s e  a r e  t h e  "seed"mounds f o r  t h e  
The ex ten t  of oxidation he re  i n  t h e  middle 
t h i s  photograph wi th  photograph 9. 
1. 
2. 
3 .  
4 .  
In  summary, t h e  photographs i l l u s t r a t e  t h e  following po in t s :  
During t h e  f i r s t  few oxidat ion-reduct ion cyc le s  t h e  e l ec t rode  su r face  
a v a i l a b l e  f o r  ox ida t ion  inc reases  s u b s t a n t i a l l y .  
4 ,  and photos 7 and 10) 
The Ag 0 appears as mounds on t h e  supporting su r face  of  t h e  e lec t rode .  
(Photos 2 ,  3 ,  8 and 9) 
There is  a v a r i e t y  of mound s i z e s  on any one sur face ,  an i n d i c a t i o n  of 
p r e f e r e n t i a l  growth si tes,  varying r eac t ion  rates, o r  both. 
2 and 3 )  
The Ag 0 mounds do n o t  completely cover t h e  supporting su r face  of t h e  
e l e c t r o d e  a t  t h e  poin t  i n  t h e  cons tan t  cu r ren t  oxidation of t h a t  e l ec t rode  
where t h e  p o t e n t i a l  has  j u s t  reached t h a t  permi t t ing  the  formation of 
(Compare photos 1 and 
2 
(Photos 
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5.  
6 .  
7. 
8. 
9. 
Ago. The rise i n  e l e c t r o d e  r e s i s t a n c e  t h a t  accompanies t h i s  i nc rease  
i n  p o t e n t i a l  cannot b e  explained by a complete coverage by mounds, 
There is  s t i l l  area which is  not covered by mounds o r  Ago s t r u c t u r e s  a t  
t h e  po in t  i n  t h e  cons tan t  cu r ren t  ox ida t ion  of t h a t  e l ec t rode  where 
t h e  p o t e n t i a l  has j u s t  reached that permi t t ing  formation of 02. 
(Photo 
(Photo 3 )  
The Ago seems t o  grow i n  long, c r y s t a l l i n e  shapes t h a t  are randomly 
o r i e n t e d  t o  t h e  e l e c t r o d e  sur face .  (Photos 6 ,  9, and 1 2 )  
The Ago is  found only on t h e  Ag 0 mounds, no t  on t h e  e l ec t rode  2 
sur face .  (Photos 3,  6 ,  9, and 12)  
The su r faces  of the p a r t i c l e s  i n  unoxidieed s i n t e r e d  s i l v e r  e l ec t rodes  
and t h e  su r face  of a vapor-deposited e l ec t rode  are both very smooth 
'when compared wi th  t h e  su r face  of a w i r e  cleaned wi th  an ab ras ive  
c l eanse r .  (Photos 7 ,  17,  and I) 
The s i n t e r e d  s i l v e r  e l ec t rodes  are oxidized throughout t h e  th ickness  
of t h e  e l ec t rode  but t o  a l e s s e r  ex ten t  i n  t h e  middle of t he  e l ec t rode  
than a t  t h e  surface.  (Compare photos 15 and 8, and photos 18 and 9). 
Future Work 
Addi t iona l  work i s  planned with t h e  scanning e l e c t r o n  microscope t o  
ob ta in  more d e t a i l e d  information on t h e  development of t he  Ag 0 mounds and 
t h e  Ago s t r u c t u r e s  as  a func t ion  of r e a c t i o n  v a r i a b l e s  i n  t h e  oxida t ion  of 
s i l v e r  e lec t rodes .  
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OXIDATION OF MODEL PORE ELECTROGES 
In t roduct ion  
I n  t h e  l a s t  q u a r t e r l y  r e p o r t  we descr ibed a model pore e l e c t r o d e  
28 
which was a s t r i p  of s i l v e r  t i g h t l y  f i t t e d  i n t o  a g l a s s  tube. W e  
descr ibed a l t e r n a t e  dark  and l i g h t  bands t h a t  had been observed a t  t h e  
same t i m e  p o t e n t i a l  o s c i l l a t i o n s  were being recorded. 
I n  e f f o r t  t o  understand b e t t e r  the growth mechanism represented  by 
those bands,we changed t h e  working conf igura t ien  of t h e  model pore 
e lec t rode .  Ins tead  of being completely submerged and oxidized from both 
ends,  it w a s  oxidized whi le  p a r t i a l l y  immersed. TWO zaggin c a p i l l a r i e s  
were employed a s  r e fe rence  e lec t rodes .  
t he  e l e c t r o d e  and t h e  o t h e r  was  posi t ioned one-half  t h e  d i s t ance  up t h e  
pore. A s  i n  the earlier work t h e  e l ec t rode  w a s  oxidized and reduced a t  
constant  cu r ren t .  
One w a s  placed a t  t h e  mouth of 
Experimental 
The experimental  apparatus  i s  i l l u s t r a t e d  i n  Figure 2. The s t r i p  of 
s i l v e r  (A) was  0.10 mm t h i c k ,  110 mm long, and 18 nun wide. The e l ec t rode  
was immersed i n  t h e  KOH e l e c t r o l y t e  s o  t h a t  90 nrn of t h e  s t r i p  w a s  wetted.  
The Luggin c a p i l l a r i e s  (B1 and B2)  were extensions of  Hg/HgO re fe rence  
cel ls  (Cl and C2). 
and t h e  second was placed 45 mm up t h e  pore. 
The f i r s t  w a s  located a t  t h e  mouth of t h e  e l ec t rode ,  
The c y l i n d r i c a l  countzr  
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Figure 2 ,  Oxidation Apparatus for Model Pore Electrodes 
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e l ec t rode  (D) w a s  constructed of platinum. 
The following experimental procedure was  used: The KOH e l e c t r o l y t e  of 
varying concent ra t ions  w a s  prepared  from a 45% KOH so lu t ion  marketed by t h e  
Baker Chemical Co. and analyzed by them t o  conta in  only 0.01% K2C03. 
e l e c t r o l y t e  w a s  f lushed wi th  pure n i t rogen  gas be fo re  i t  w a s  t r a n s f e r r e d  
t o  the  e l e c t r o d e  vesse l .  
a t  cons tan t  c u r r e n t s  ranging from 20 t o  70 ma i n  e l e c t r o l y t e  concent ra t ions  
of 0.1, 0.5, 1.0, and 5.0 N KOH. The e l ec t rode  w a s  reduced a t  t h e  same 
cu r ren t  a t  which it  had been oxidized. The p o t e n t i a l s  of t he  two re ference  
e l ec t rodes  w e r e  followed on two separate recorders  opera t ing  a t  t h e  same 
c h a r t  speed. The p o t e n t i a l  of t h e  e l e c t r o d e  loca ted  midway up the pore 
was s o  much lower than t h a t  a t  t h e  mouth t h a t  t h e  f u l l  s c a l e  vol tage  on 
i t s  recorder  was halved. 
The 
The e l ec t rode  was oxidized and reduced (cycled) 
RESULTS AND DISCUSSION 
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Representat ive cons tan t  cu r ren t  oxidation curves are i l l u s t r a t e d  i n  
Figure 3 .  
superimposed on t h a t  (1) of t h e  lhlouth" e l ec t rode  and i s  located beneath 
I n  each case t h e  curve (2) from t h e  "midway" e l ec t rode  i s  
it. 
Report28 wi th  t h e  exception t h a t  i n  t h e  present  case a Luggin c a p i l l a r y  
sensed t h e  p o t e n t i a l  a t  t h e  mouth of t h e  tube whi le  i n  t h e  e a r l i e r  work a 
br idge  reached from t h e  r e fe rence  e l ec t rode  t o  a poin t  midway down and 
ad jacent  t o  t h e  w a l l  of t h e  conta iner ;  t he re fo re ,  it sensed va lues  less 
a f f ec t ed  by small l o c a l  changes on t h e  e lec t rode .  The changes i n  curve 
shape which a r e  most apparent are a t  po ia t s  A ,  B, and C where s m a l l  but 
Curve L corresponds t o  t h e  curves of Fig. 1, of t h e  8 t h  Q u a r t e r l y  
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Figure 3, Representative Model Pore Oxidation Curves 
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d i s t i n c t  increases  i n  t h e  p o t e n t i a l  occur. It i s  immediately apparent 
t h a t  t hese  s m a l l  p o t e n t i a l  changes are r e f l e c t e d  i n  very much l a r g e r  
but s h o r t  l i ved  p o t e n t i a l  changes deep i n t o  t h e  pore. A s  i s  seen i n  
Fig. 2, t h e  r e l a t i v e  magnitudes of t h e  p o t e n t i a l  spikes  deep i n  t h e  
pore increase  wi th  increas ing  cur ren t .  
between them decreases.  
A t  t h e  s a m e  t i m e  t he  d i s t ance  
The p o t e n t i a l  o s c i l l a t i o n s  which w e r e  repor ted  previously are much 
more pronounced a t  t he  mouth of the pore (curve 1) than deep i n t o  the  
pore,  though they can o f t e n  be recognized t h e r e  a l s o .  
the f luc tua t ions  w e r e  evident  i n  both curves they were found t o  b e  i n  
phase wi th  each o ther .  
In  a l l  ca ses  where 
, 
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SECTION I11 
CHARGE ACCEPTANCE OF SILVER ELECTRODES 
' %  
i 
E 
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I n  a previous report2'we presented prel iminary da ta  on t h e  charge 
acceptance of a s i l v e r  sheet e l ec t rode  i n  a Haring ce l l .  The determinat ions 
were made a t  room temperature under p o t e n t i o s t a t i c  condi t ions  wi th  5.0 M KOH 
a s  t h e  e l e c t r o l y t e .  W e  are i n  t h e  process  of extending t h i s  s tudy over  a 
range of hydroxide ion concent ra t ions  and temperatures.  To da te ,  t h e  
e l ec t rode  has  been taken through about two hundred oxidat ion-reduct ion cyc les  
a t  room temperature. Hydroxide ion concent ra t ions  of 0.10, 1.0, 5.0 and 
11.1 M have been used over t he  p o t e n t i a l  range 0.35 t o  0.75 v o l t s  (vs. 
Hg/HgO). 
o ther  temperatures over t h e  range O°C t o  4OoC. 
presented as a u n i t  i n  the next  r epor t .  
Our plan i s  t o  cyc le  t h e  e l ec t rode  i n  a s i m i l a r  manner a t  t h r e e  
These da t a  then w i l l  be 
Most of t h e  da ta  follow t h e  genera l  p a t t e r n  out l ined  p r e v i ~ u s l y . ~ '  That 
i s ,  a t  lower p o t e n t i a l s  (< 0 . 5 5 ~ )  a s i n g l e  cu r ren t  surge is  observed which 
" ta i l s  o f f "  gradual ly  t o  the background cu r ren t  while  a t  h igher  poten- 
t i a l s  (> 0 . 6 0 ~ )  two cu r ren t  surges  a re  usua l ly  observed. However, a t  one 
region i n  t h i s s e r i e s  of cyc les  t h e  two cu r ren t  surges  blended toge ther  
i n t o  one broad cu r ren t  surge even above 0.60 v o l t .  This apparent ly  i s  
another  demonstration of t h e  manner i n  which t h e  h i s t o r y  o f  an e l ec t rode  
inf luences i t s  p rope r t i e s .  When t h e  e l ec t rode  w a s  cleaned wi th  an 
abras ive  cleanser ,  the more conventional behavior w a s  observed again.  
During t h i s  series of runs  t h e  e lec t rode  w a s  removed and cleaned four  
t i m e s .  
which gradual ly  increased with cont inued 'cycl ing;  
A f t e r  c leaning t h e r e  w a s  a s i g n i f i c a n t  decrease i n  charge acceptance 
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ATTFNPTED PREPARATION OF LARGE SINGLE CRYSTALS OF 
Ago UNDER HIGH PRESSURE CONDITIONS 
Kine t ic  s t u d i e s  of t he  e l e c t r o l y t i c  reduct ion of a rgen t i c  oxide have 
usua l ly  been made on e l ec t rodes  composed of compressed Ago o r  s i l v e r  t h a t  
has  been e lec t rochemica l ly  oxidized i n  a l k a l i n e  so lu t ions .  Both  types of 
Ago share  t h e  disadvantage of having indeterminate  sur face  a reas .  This 
problem has  caused renewed i n t e r e s t  i n  t h e  p o s s i b i l i t y  of growing l a rge  
s i n g l e  c r y s t a l s  of t h e  oxide. 
e l ec t rode  i n  k i n e t i c  s t u d i e s  because i t s  sur face  a rea  can be measured 
accurately,  allowing an accu ra t e  determination of t h e  cu r ren t  dens i ty .  
30,31 
The s i n g l e  c r y s t a l  would be u s e f u l  a s  an 
Nei ther  of t h e  two most common c r y s t a l  growth techniques can be 
Seeding a s a t u r a t e d  so lu t ion  is  complicated by t h e  low s o l u b i l i t y  employed. 
of  Ago L1.6 x 
slowly i n  even s l i g h t l y  b a s i c  so lu t ions .33  It i s  impossible t o  seed an 
Ago melt  a t  atmospheric pressure  because t h e  oxide decomposes r ap id ly  a t  
temperatures g r e a t e r  than 100 C. 
m o l e s / l i t e r  a t  25°C)32and t h e  f a c t  t h a t  it decomposes 
0 
A technique which has been attempted by s e v e r a l  i n v e s t i g a t o r s  i s  the 
e l e c t r o l y t i c  ox ida t ion  of a 2F AgNO 3 
been, i n  every case t o  da t e ,  a c l a t h r a t e  compound of t he  formula Ag 0 NO 
Large s i n g l e  c r y s t a l s  of t h i s  compound have been prepared by Nanis. 
so lu t ion .  The r e s u l t i n g  compound has  
7 8 3'  
30 
30,34 , 35 
W e  have now attempted t o  use the  crystal-from-a-melt  technique but  a t  
high pressure  t o  prevent t h e  oxide decomposition. We used a t e t r a h e d r a l  
3 6-,.3 7 
p ress  i n  t h e  Brigham Young Universi ty  High Pressure Laboratory e X-ray 
19 
. - >  
, .  
I 
I 
pawder p a t t e r n s  w e r e  obtained from samples of Ag, Ag20, and Ago powder t o  be 
used as s tandards.  A por t ion  of  Ago powder w a s  placed i n  a boron n i t r i d e  
capsule  and heated t o  65OoC a t  55 k i loba r s  pressure.  The sample w a s  he ld  
a t  t h i s  pressure  while  t h e  temperature was  decreased t o  27 C over a per iod 
of 2.5 hours.  When t h e  capsule  w a s  opened a b lack  mass w a s  observed t h a t  
seemed t o  have l a r g e  c r y s t a l  faces .  The sample was gent ly  crushed so t h e  
p a r t i c l e s  could f i t  i n  an X-ray c a p i l l a r y  tube. The d i f f r a c t i o n  p a t t e r n ,  
which was that of Ag20, showed none of t h e  dark spo t s  t h a t  i n d i c a t e  t h e  
presence of  c r y s t a l s  i n  t h e  sample. Thus t h e r e  appeared t o  be complete 
reduct ion of  t h e  Ago t o  Ag 0, and t h e  l a t te r  w a s  present  a f t e r  t h e  h igh  
pressure  t reatment  as a powder. 
0 
2 
While t h e  Ago w a s  reduced by t h i s  t reatment ,  i t  is  both i n t e r e s t i n g  
and encouraging t h a t  t h e  reduct ion proceeded only t o  Ag 0 a t  a temperature 
which causes  r ap id  reduct ion  t o  Ag a t  atmospheric pressure.  A s  t i m e  and 
access t o  t h e  high pressure  apparatus  permit,  a d d i t i o n a l  combinations of 
temperature and pressure  w i l l  be t r i e d  i n  an e f f o r t  t o  produce l a r g e  s i n g l e  
crystals  of Ago. 
2 
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